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1. INTRODUCTION {#joa312160-sec-0001}
===============

Reversed polarity of adjacent bipolar electrograms (EGM) has been proposed as a mapping method for focal arrhythmias with high specificity.[1](#joa312160-bib-0001){ref-type="ref"} Herein we report the mapping of focal fascicular premature ventricular contraction (PVC) using reversed polarity of adjacent bipolar EGMs.

2. CASE {#joa312160-sec-0002}
=======

A 56‐year‐old man who had symptomatic PVCs visited our institution. The 24‐hour ambulatory monitoring demonstrated 23% of PVCs. No structural abnormalities within the heart were observed. Since the PVCs were refractory to propafenone, the patient was referred for an electrophysiological study. The baseline electrocardiogram showed bigeminal PVCs (Figure [1](#joa312160-fig-0001){ref-type="fig"}). The PVCs were relatively narrow and the morphology of the PVCs was consistent with an incomplete right bundle branch block (RBBB) pattern causing confusion with an RBBB aberrancy. Notably, depending on the coupling interval of the PVC to the preceding sinus QRS complex, the degree of the RBBB pattern changed. As the preceding coupling interval shortened, the terminal R wave in lead V1 became progressively augmented with a progressive QRS widening, but the most augmented PVC (Figure [1](#joa312160-fig-0001){ref-type="fig"}, sixth beat) did not exceed 120 ms. This phenomena might have suggested the involvement of the proximal left ventricular (LV) conduction system in producing the PVC, which was likely due to the development of the coupling interval dependent RBB aberrant conduction.

![Surface 12 lead electrocardiogram showing bigeminal PVCs. The PVC morphology is that of an incomplete RBBB pattern causing confusion with an RBBB aberrancy. The numbers within the tracing express the coupling interval from the PVC to the preceding sinus QRS complex in milliseconds. Please note that as the preceding coupling interval shortens the degree of the RBBB pattern becomes augmented (from the first to the third PVC), conversely, lengthening of the preceding coupling interval diminished the degree of the RBBB pattern (from the fourth to seventh PVC).](JOA3-35-303-g001){#joa312160-fig-0001}

The PVC with an RBBB pattern and suspicious involvement of the proximal LV conduction system, lead us to preferentially map the LV. Thus we placed a mapping catheter on the LV septum via a retrograde aortic approach to record the left bundle branch (LBB) potential. The baseline EGM recording from the mapping catheter revealed that the PVCs were preceded by a fascicular potential (FP), and following that by the ventricular depolarizations (Figure [2](#joa312160-fig-0002){ref-type="fig"}A, second beat). In the sinus QRS complex, the activation sequence of the FP preceded from proximal to distal, and the FP to ventricular interval recorded from the proximal and distal bipolar electrode pairs were 37 and 32 ms, respectively (Figure [2](#joa312160-fig-0002){ref-type="fig"}A, first beat), suggesting that the FP recorded from the mapping catheter was likely to be the LBB potential. During the PVC, the activation timing of the LBB potential recorded from the proximal and distal bipolar electrode pairs were identical and preceded the QRS onset by 32 ms. In particular, a reversed polarity of the bipolar EGM was recorded from the proximal and distal electrode pairs of the mapping catheter. This finding indicated that the mapping catheter was positioned parallel to the endocardial surface of the LBB producing the PVC (Figure [2](#joa312160-fig-0002){ref-type="fig"}B).[1](#joa312160-bib-0001){ref-type="ref"} If the PVC had originated from the His bundle, the morphology of the PVC would have been identical to the normal QRS complex and the LBB potential to the ventricular interval would have matched during the sinus QRS complex and PVC. In the same context, if the PVC had arisen distal to the LBB, the morphology of the PVC would have caused a wider RBBB pattern and the LBB potential to ventricular interval would have been shorter during the PVC than during the normal QRS complex, because the wavefront propagation would have occurred distal to the LBB and up to the His bundle simultaneously.[2](#joa312160-bib-0002){ref-type="ref"} In our case, the morphology of the PVC exhibited an incomplete RBBB pattern, and compared to the sinus QRS complex, the LBB potential to ventricular interval of the proximal bipolar electrode pair during the PVC decreased from 37 to 32 ms, but on the distal bipolar electrode pair, that interval did not change. According to the formula predicting the earliest presystolic potential of the left fascicular arrhythmia proposed by other investigator,[3](#joa312160-bib-0003){ref-type="ref"} the earliest presystolic potential to ventricular interval during the sinus QRS complex of our case can be predicted as 34.5 ms. Therefore this observation also implied that the focus of the PVC was located equidistance from the proximal and distal bipolar electrode pairs, assuming antegrade and retrograde conduction in the bundle branch is about equal, hence the focus was bracketed within the proximal and distal electrode pairs of the mapping catheter, and the focus was likely to be located at the mid electrode pairs of the mapping catheter (Map 2,3). Following that, however, the PVCs were bumped at that site where the reversed polarity of the bipolar EGM was recorded, and thus, we were unable to perform additional activation mapping. Instead, we performed pace mapping at that site, but it did not show a perfectly matched QRS complex. However, based on the above findings, we concluded that the clinical PVCs arose from the LBB, and radiofrequency applications with 30 W at 48°C were applied slightly proximal to the site where the reversed polarity of the bipolar EGM was recorded. Figure [2](#joa312160-fig-0002){ref-type="fig"}C shows the ablation site. Then no further clinical PVCs were observed in follow‐up ambulatory monitoring.

![A, Demonstration of the baseline electrograms during a sinus QRS complex (the first beat) and PVC (the second beat). The mapping catheter was located on the LV septum via a retrograde aortic approach and recorded an LBB potential. In sinus rhythm, the proximal LBB potential (Map 3,4) preceded the distal LBB potential (Map 1,2). The PVC was preceded by the LBB potential, and the activation timing of the proximal and distal LBB potentials was identical. Note the recording of a reversed polarity of the bipolar EGM from the proximal and distal electrode pairs of the mapping catheter. B, Schematic representation of the PVC arising from the LBB and ventricular conduction system. From the site of origin (star) the wavefront propagation occurs distal to the LBB and up to the His bundle simultaneously with antegrade RBB conduction. The mapping catheter is positioned parallel to the endocardial surface of the LBB producing the PVC and the activation focus is located at Map 2,3 electrodes. Thus the activation focus is bracketed within the proximal and distal electrode pairs of the mapping catheter, that recorded as a reversed polarity of the bipolar EGM from the proximal and distal electrode pairs of the mapping catheter. C, Fluoroscopy of the mapping catheter position; AVN, atrioventricular node; LAF, left anterior fascicle; LPF, left posterior fascicle; HRA, high right atrium; CS, coronary sinus; LBB, left bundle branch; Map, mapping catheter; RAO, right anterior oblique projection; RBB, right bundle branch; LAO, left anterior oblique projection](JOA3-35-303-g002){#joa312160-fig-0002}

3. DISCUSSION {#joa312160-sec-0003}
=============

Fascicular PVCs usually present as relatively narrow QRS complexes and the PVCs are preceded by a FP, which suggests the site of origin.[4](#joa312160-bib-0004){ref-type="ref"} The exit site, which is the earliest activated ventricular myocardium, could emerge from anywhere among the ventricular myocardium, and the myocardium near the site of origin is often activated later than the exit site.[5](#joa312160-bib-0005){ref-type="ref"} The closer the site of origin is to the proximal portion of the His Purkinje system, the greater the possibility of a discrepancy between the origin and exit site. For that reason, pace mapping can produce significantly different QRS morphology even when pacing is performed at the site of origin, unless a fascicle is selectively captured by a pacing stimulus without capturing neighboring myocardium. The slightly different morphology of the PVC and paced QRS complex in our case might be the result of simultaneously capturing of the LBB and neighboring myocardium.

The peculiar finding in our case was the matching between the site that exhibited a reversed polarity of the bipolar EGM and the PVC focus. Our case demonstrated an almost exact mirror image of the reversed polarity of the bipolar EGM from the mapping catheter, which implied that the mapping catheter was precisely positioned parallel to the activation focus. Unlike myocardial PVCs, which generally propagate in a centrifugal manner, PVCs arising from the proximal bundle branch usually propagate in a linear manner. For that reason, a reversed polarity of the bipolar EGM is more likely to be observed in a focus from a bundle branch PVC than a focus from a myocardial PVC. Accordingly, recording the reverse polarity of the bipolar EGM can be a useful mapping strategy to bracket focal PVCs arising from a bundle branch. Another interesting finding in our case was that the augmentation of the RBBB pattern depended on the preceding coupling interval. Since PVCs arising from the distal Purkinje fibers would cause a wide QRS complex, regardless of the coupling interval from the previous beat, this finding could suggest the diagnostic criteria of fascicular PVCs arising from the proximal bundle branch.
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